A B S T RAC T This study was designed to examine whether prostaglandin E2 can directly affect sodium transport across isolated perfused rabbit renal collecting tubules. Changes in transepithelial potential and isotopic sodium fluxes in response to peritubular prostaglandin E2 were measured. In addition, changes in transepithelial potential of the outer medullary collecting tubule in response to prostaglandin E2 were also measured. With few exceptions, all rabbits received 5 mg/day desoxycorticosterone acetate for 4-11 days before experimentation. The results ofthe experiments show that: (a) prostaglandin E2 inhibits the negative transepithelial potential in the cortical collecting tubule as well as the outer medullary collecting tubule; (b) prostaglandin E2 inhibits net sodium transport out of the lumen by inhibiting efflux while backflux is unaffected; (c) prostaglandin E2 produces this inhibition within 15 min, and the effects are dose dependent and reversible. These results suggest that prostaglandin E2 may modulate sodium transport in vivo and may contribute to the final regulation of sodium excretion.
INTRODUCTION
The collecting duct participates in the final regulation of sodium excretion (1) . Recent studies have demonstrated that the cortical collecting tubule (CCT)1
This work was presented, in part, at the 9th Annual Meeting of the American Society of Nephrology, [21] [22] [23] November is the segment sensitive to aldosterone (2, 3) and in this way is capable of regulating sodium reabsorption. Rapid natriuresis in response to a variety of stimuli such as acute volume expansion cannot be explained fully by inhibition of aldosterone because of its long duration of action. These studies were conducted to examine the possibility that a naturally occurring intrarenal substance could modulate sodium transport by the collecting tubule.
The renal medulla is a rich source of prostaglandins (4) and they have been implicated in sodium regulation by many investigators. No evidence currently exists to implicate prostaglandins in renal epithelial transport of salt though such evidence does exist for the jejunum (5), frog corneal epithelium (6) , and toad bladder (7) . It is difficult to interpret the effects of prostaglandins on renal epithelial transport with clearance techniques because of their well-demonstrated effects on renal blood flow (8, 9) and on vasopressin-induced osmotic water flow (10) . The present studies were deisgned, therefore, to examine directly the effect of prostaglandin E2 (PGE2), the renal prostaglandin occurring in greatest quantity, on sodium transport across the in vitro-perfused rabbit collecting tubule.
METHODS
Segments of collecting tubule were dissected and perfused in vitro with the same techniques described previously (11) . Briefly, female New Zealand white rabbits weighing 1.5-2.5 kg were used in all experiments. All rabbits were fed standard laboratory diet containing approximately 140 meq/kg sodium and 390 meq/kg potassium.
With the exception of a few rabbits so noted, all rabbits received 5 mg/day desoxycorticosterone acetate (DOCA) intramuscularly for 5-8 days before experimentation. This meneuver was done to insure a transepithelial potential difference (PD) lumen negative (2) . All animals had free access to food and water before guillotine decapitation.
The kidney was quickly removed, a 1-mm slice was placed in chilled solution identical to the bath, and the appropriate segment of collecting tubule was dissected free. The Journal of Clinical Investigation Volume 59 June 1977 *1099-1104
The solution was maintained at pH 7.4 by continuous bubbling with 95% O2 and 5% CO2. Cortical collecting tulbules (CCT) were 1.4-3.0 mm long and outer medullarly collecting tuLbules (MCT) were 0.6-1.2 mm long. All studies were conducted at 37°C. Tubules were perfused with an artificial solution containing NaCl 105 mM, KCI 5 mM, NaHCO3 25 mM, Na2HPO4 2.3 mM, Na acetate 10 mM, MgSO4 1 mM, CaCl2 1.8 mM, glucose 8.3 mM, and alanine 5 mM. The bath and dissection solutions were identical to the perfuision soluition except for the addition of 5% fetal calf serum. PGE2 was stored at -20°C in ethanol 10 mg/ml, and the bath solution containing PGE2 was prepared immediately before use. PGE2 prepared in this way is stable (12) .
During all experiments, except those measuring bidirectional flux, the bath solution was continuouisly exchanged with a Delta micro-metering pump at 0.5 ml/min (Lab-line Instruiments, Inc., Melrose Park, Ill.) while the bath fluiid level was maintained by continuous suction at the opposite end. In this system >95% of the bath is exchanged in 5 min, and >99% is exchanged in 10 min. Th To insuire an uinbiased interpretation of the restlilts changes in PD were measured in nine "blind" experiments with solutions prepared by a person not connected with these investigations. The solution contained either 1.0 /iM PGE2 or an equiivalent amount of carrier (ethanol 0.004% vol/vol).
Sodium fluix measurements were made for two to fouir collection periods in each of the three periods. Collections were initiated when the PD became stable, and the collected isotopes were counted. Bath perfusion during unidirectionial fluix experiments was constant, and distilled water was added to the bath duiring bidirectional flux experiments to replace evaporative losses. Before the beginning ofthe second period, an appropriate amouint of PGE2 was added to the bath to make the concentration 1.0 ,uM. During the 40-60 min necessary for recovery of the PD, the bath exchange wvas continuous. It Fig. 1 displays the change in PD of CCT as a fulnction of PGE2 concenitration of the bathing soluition.
Doses of 10 nM resulted in a barely detectable response while doses of 0.1-10 ,uM effected an increasing response suich that at 10 ,tM the mean inhibition was greater than 80%. The PD of CCT from normal rabbits is difficuilt to predict and is dependent, at least in part, on the mineralocorticoid activity (2) . The administration of DOCA insures a negative PD which is invariably responsive to PGE2 in doses of 0.1 ,M or greater. The pretreatment of the rabbit with DOCA appeared to have no effect on the PD response when compared to tubules of equivalent base-line PD not so treated.
Nine experiments were conducted in a blinded fashion where the experimentor was unaware whether the solution contained PGE2 (1.0 ,uM, n = 6) or the carrier (n = 3). PGE2 in these experiments caused a reduction in the magnitude of the PD by >26% while the carrier had no effect (P < 0.001).
Since PGE2 is found in high concentrations in the medulla (4) , the response of the PD in the MCT was also examined. This segment is morphologically indistinguishable from the CCT at x400 during the experiment. Fig. 2 demonstrates the response of the negative PD to various doses of PGE2 in the bath. The response to 1 and 10 uM PGE2 was similar to that found in the CCT. However, the tubule failed to recover from 0.1 mM in 1 h, the time at which Table I depicts the alterations in simultaneous bidirectional sodium fluxes across the CCT induced by the addition of 1.0 ,uM PGE2 to the bath. There was no significant change in backflux (JNa.bl) while efflux was significantly inhibited. In an additional six experiments unidirectional lumen-to-bath fluxes were measured under conditions identical to the PD experiments (i.e., with the bath pump on). PGE2 inhibited efflux in a similar fashion: 25.5+4.0 (control), 15 .1+3.5 (PGE2), and 21.3±4.1 (recovery). The differences are highly significant (P < 0.001).
The resulting alteration in sodium transport can be expressed as a change in flux ratio (Table I) There is a greater fall in JNa,lb in these bidirectional flux experiments than in the unidirectional flux experiments, and the recovery in the bidirectional experiments is less complete. These 
DISCUSSION
The present stuidies provide the first evidence that PGE2
can affect renal tubtular soditum transport directly.
In the setting of stimuilated sodium transport across the cortical collecting tubuile and outer medullary collecting tubtule PGE2 in doses ranging from 0.1 )uM to 0.1 mM when applied to the peritubular stirface causes an inhibition of the negative PD (Figs. 1 and 2) and a decrease in the outward sodium fltux without a significant change in the influix of sodium (Table I ). The effect is rapid, reversible, and dose dependent. The net efflux of sodium can be inhibited by as much as 85% by 1.0 uM PGE2. Since the discovery of large qtuantities of prostaglandins in the renal medulla (4), many attempts have been made to elucidate its mechanisms of action. The general approaches that have been utilized to assess the effect of prostaglandins oIn renal function in the intact kidney include: (a) infuision of prostaglandins into the renal artery (8, 9, 15, 16) , (b) infuision of sodium arachidonate into the renal artery to stimulate endogenous prostaglandins (17, 18) , and (c) reduction of endogenous intrarenal prostaglandins by drugs or dietary deficiency (19, 20 (31) (32) (33) . Several patients have been reported whose metabolic and pathologic syndrome has been reversed with indomethacin, an inhibitor of' prostaglan(lin synthesis (31, 32) . Taken in the aggregate, these studies strongly suggest that PGE2 mav inhibit the reabsorption of soditim by the collecting tuibuile in vivo.
In suimmary, we have shown that PGE2 can inhibit sodiuim effluix from the lumen of cortical collecting tubules taken from rabbits stimutlated by DOCA. The inhibition is rapid, reversible, and dose dependent. In addition, PGE2 exerts a similar effect on the ouiter medullary collecting tubule, a fact which greatly enhances the probability that PGE2 acts in vivo to inhibit directly sodium reabsorption by the collecting tubtule.
